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With the aging of the population, vascular disorders are increasingly prominent in China, including cardiovascular diseases (CVD) and cerebrovascular diseases, resulting in high mortality and morbidity. In addition, an increasing number of younger patients have been diagnosed with vascular diseases, owing to signi cant changes in lifestyles and food habits. Research has shown that arteriosclerosis is a major contributor to CVD, cerebrovascular disease and other vascular disorders [1] ; therefore, early evaluation and prevention of arteriosclerosis is one of the most important challenges for medical scientists. For the timely prediction and prevention of vascular events, it is important to establish a simple and e ective way to identify subclinical arteriosclerosis (subAs) in apparently healthy populations.
Recent studies have focused on a novel arteriosclerosis index, the cardio-ankle vascular index (CAVI), developed by measuring brachial-ankle pulse wave velocity (baPWV) and blood pressure (BP) [2] . is index is independent of blood pressure, has commendable clinical reproducibility [3] , and re ects sti ness of the aorta, femoral artery and tibial artery [4] . A number of other new laboratory markers have been associated with arteriosclerosis, such as the in ammatory biomarker, high-sensitivity C-reactive protein (hs-CRP) [5] . Zou and colleagues reported that homocysteine (Hcy) promotes the proliferation of vascular smooth muscle cells (VSMCs) in the pathophysiology of the atherosclerotic process by means of reactive oxygen species [6] and that hyperhomocysteinemia is signi cantly associated with atherosclerotic change [7] .
No reports to date have performed a comparative assessment of diagnostic e cacies among CAVI, hs-CRP and Hcy or combinations of the three parameters for subAs within a healthy population in China. In the present study, the status of carotid artery arteriosclerosis was evaluated based on carotid intima-media thickness (CIMT) as a surrogate marker for systemic subAs [8] , which is an e ective way to assess the severity of pathological changes of the arterial wall. Subsequently, the screening signi cance of parameters, including CAVI, serum hs-CRP and Hcy, assessed either alone or in combination, in subAs was evaluated in an apparently healthy population in China.
Materials and Methods

Subjects
From February 2010 to October 2010, 184 healthy individuals who consented to undergo a health medical examination in e First A liated Hospital of Chongqing Medical University were subjected to CAVI measurement as well as the related instrumental examinations and laboratory tests. Excluded from the study were those subjects who had a history of coronary heart disease, heart failure, chronic atrial brillation, aortic disease, valvular heart disease, stroke or peripheral vascular disease. Individuals over 80 years of age (n=1), and those suspicious for having an infection (hs-CRP≥10 mg/L, n=5) or those for whom data were missing (n=26) were excluded. In total, 152 subjects were enrolled in the present study (male: 71, female: 81). Informed consent was obtained from all subjects, and the study was approved by the ethics committee of the hospital.
General information
General information was obtained from each subject, including body weight and height, waist circumference and blood pressure. A questionnaire was completed under the guidance of the medical sta and past medical history of diabetes mellitus (DM) and hypertension was collected. In addition, body mass index (BMI) and pulse pressure (PP) were calculated according to the formula:
Carotid intima-media thickness
Doppler carotid ultrasonography was performed with lineararray 5-12 MHz transducers (PHILIPS HDI-5000). e patient lay in a supine position without a pillow to allow exposure of the neck, and the head was turned to the contralateral side during examination. A region approximately 1.5 cm proximal to the ow divider in the common carotid artery was identi ed by a professional sonographer for CIMT measurement. CIMT≥0.9 mm was de ned as carotid arteriosclerosis (CA) and <0.9 mm as non-carotid arteriosclerosis (NCA). All CIMT measurements were performed by the same technician blinded to the clinical data.
CAVI scores
CAVI scores were measured using a VaSeraVS-1000 (Fukuda Denshi, Japan). In keeping with earlier studies [9] , CAVI was calculated using the formula:
(a and b: constant; ρ: blood density; PWV: pulse wave velocity between heart and ankle)
Cu s were applied to the four extremities and electrocardiographic electrodes attached to both wrists. A microphone was placed on the sternal angle for phonocardiography. A er the subjects had rested in the supine position for 5 min, automatic measurements were performed and le and right CAVI were obtained. Average CAVI scores were calculated.
Serum hs-CRP and Hcy levels
Blood samples were collected through the peripheral venous system a er fasting for at least 10 h. Serum was separated within 30 min. Serum hs-CRP was measured with an immunoturbidimetric assay using a commercial kit (Roche, Switzerland), and serum Hcy was assessed using an enzymatic cycle method with a commercial kit (Leadman, USA). All measurements were performed with an automatic biochemical analyzer (Modular DDP, Roche, Switzerland).
Statistical Analysis
Numerical variables were described as the average and standard deviation under normal distribution. In case of skewed distribution, data were measured as median and quartiles. Categorical variables were expressed as proportions. e chi-square test was applied for categorical variables, and the Student's t-test or Mann-Whitney U test for numerical variables between groups. e Receiver Operator Characteristic (ROC) curve was plotted to determine the area under the curve (AUC), sensitivity and speci city of CAVI, serum hs-CRP and Hcy for determining the presence of arteriosclerosis. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) 17.0 so ware.
Results
Characteristics of enrolled subjects
e characteristics of the enrolled subjects are shown in Table  1 . Signi cant di erences were observed in regard to age, PP, DM and smoking prevalence between the CA and NCA groups (p: 0.000, 0.015, 0.000 and 0.031). (Figure 1) . AUC for serum hs-CRP and Hcy were 0.622 and 0.630, respectively. Notably, AUC of CAVI was 0.708 with the highest Youden index of 0.351, and the corresponding sensitivity and speci city were 83.3% and 51.7% at the optimum cuto CAVI value of 7.525 (Table 3) .
CAVI, serum hs-CRP and Hcy levels in carotid arteriosclerosis
Combined diagnostic ability of CAVI, serum hs-CRP and Hcy to identify carotid arteriosclerosis
Ten parameter combinations, designated W1 to W10 according to the cuto value of each parameter (as summarized in Table 3 and Table 4 ) were compared. For each combination, a 2×2 crossing table was drawn, and the sensitivity, speci city, positive predictive value (PPV) and negative predictive value (NPV) calculated (Table 5) . Maximum sensitivity and NPV (100%, 100%) were obtained with the W10 combination, maximum speci city and PPV (86.2%, 46.7%) with the W7 combination, and maximum Youden index (0.416) with the W9 combination, with sensitivity and speci city of 77.8% and 63.8%, respectively.
Discussion
As a noninvasive assessment for arteriosclerosis, CIMT provides a direct image of vascular wall conditions, which is a reliable representative indicator of the system subclinical atherosclerosis. But CIMT is generally obtained via the common carotid artery, which overlooks the pathological changes in the internal carotid that occur with advanced arteriosclerosis [8] . In addition, a professional sonographer is needed for CIMT measurements, so the technique is not practical for routine health examinations. A more convenient method is needed.
Although previous research indicates that hs-CRP, Hcy and CAVI are each associated with the presence of arteriosclerosis, a number of limitations are associated with practical use of these individual markers. CAVI cannot be accurately measured in patients with heart systolic dysfunction, atrial brillation/ utter, aortic disease, valvular heart disease or peripheral vascular disease [10] . Elevated expression of a type of acute phase-reactive protein, hs-CRP, has been observed in several other conditions, including infection, cancer and trauma. Moreover, a number of studies have reported no independent association between hs-CRP levels and subclinical atherosclerosis in healthy adults [11] . In addition, no signicant correlation between Hcy and arteriosclerosis has been established to date [12] . In view of the above ndings, it is necessary to re-evaluate the ability of these parameters to detect subAs in an apparently healthy population and to construct an optimal pro le for e ective arteriosclerosis screening.
Data from the present study showed that CAVI, serum hs-CRP and Hcy in the CA group were higher than those in the NCA group. CAVI was originally developed by Japanese researchers in 2004 as a novel arteriosclerotic index to evaluate the sti ness of the aorta, femoral artery and tibial artery in a non-invasive manner. Our ROC curves revealed the strength of CAVI in distinguishing carotid arteriosclerosis (Figure 1 ), consistent with earlier reports [9, 13] . So, does CAVI alone reliably re ect the presence of arteriosclerosis? e greatest advantage of CAVI is that the value does not vary with changes in blood pressure. Kubozono et al. [14] demonstrated that CAVI is not in uenced by changes in SBP of more than 10 mmHg. Shirai and colleagues arrived at the same conclusion based on an agent intervention experiment of β1-adrenergic receptor blocker administration, and further suggested that CAVI reects the systolic and diastolic function of the artery [15] . ere are still some factors to in uence CAVI. Diabetes mellitus, hypertension and metabolic syndrome have been shown to contribute to increased CAVI [13] . Smoking is another important factor that a ects CAVI. Earlier studies showed that CAVI increased signi cantly a er smoking just one cigarette, and, conversely, improved a er complete smoking cessation [16] [17] [18] . erefore, the application of CAVI as a single parameter to assess subAs is inadequate, and a combination of parameters for assessing subAs is recommended for greater reliability.
To enhance the accuracy of screening, various parameter combinations were examined, which improved sensitivity (W10, 100%) and speci city (W7, 85.2%) signi cantly for detection of carotid arteriosclerosis in an apparently healthy population. A pro le with maximum Youden index (0.416) and good sensitivity (77.8%) and speci city (63.8%) was identi ed. Based on our data, the W10 combination is recommended for arteriosclerosis screening, owing to good NPV (100%), and W9 generating the maximum Youden index for clinical usage.
A possible limitations of our study is the small size of the sample. In addition, more consideration to job occupation, ethnic compositions, eating habits and level of exercise should be followed for the study population. e clinical utility remains to be validated by a multi-center prospective study. 
Conclusion
Data from the present study collectively showed that CAVI, serum hs-CRP and Hcy are higher in the CA than the NCA group. Overall, CAVI was considered more appropriate than hs-CRP and Hcy for clinical use due to its e ectiveness in detecting carotid arteriosclerosis. Since CAVI is in uenced by various factors, di erent parameter combinations were compared, and the optimal pro les were determined for health screening and clinical usage, respectively.
